. CRITICAL ITEMB LIBT

PROJECT: SRMS .

SYSTEM: MECHANICAL ARM SUBSYSTEM
- - ASS*'Y NOM ¢ 3 K ASS*'Y P/H: SHEET: _ 1t
EMEA FMEA NAME, OTY, & FAILURE HODE FALLURE EFFECT HDMR / FUNC. RATIONALE FOR ACCEPTANCE
AEF. REV. pRAwInG nér. AHD N m
DESTGNATION CAUSE END ITEM CRITICALITY SCREEMS: A-PASS, B-PASS, C-PASS
4630 2 SHOULDER E: K1 AND K2 DRC DESIGN FEATURES
FUSING. 45 LOSS OF RELAYS OPEM. seeeencmemnaan.
PRIME POWER FLAG BRAXES COME ON.
CHANNEL . MCIU WILL NOT FUSES USED [N THE SHOULDER FUSE PLUG ASSEMBLIES ARE OF an
FUSES. 18 SEND DATA 10 DESTGN DEFINED BY MSFC SPECIFICATION 40H38259. FOR SRMS
BACK-UP CAUSE(S): ADE. ARN WILL APPLICATION, DESIGH AND PROCESS IMPROVEMEMTS HAVE BEEN
CHANNEL (H STOP, ALL NEGOTTATED WITH, AND INPLEMENTED BY, THE MANUFACTURER.
FUSES, MECHANICAL PRIME HODES THESE INCLUDE:
WIRING SHOCK 0st.
SCHEMATIC VISRATION, HARDMIRED = INPROVED ATTACHMENT OF END CAPS
St140E316 MATERIALS. SAFING, EE - CONTROL OF FUSE ELEMENT LENGTH AND DTSPOSITION WITHIN THE
REVISION C. (FUSE 23). PRINE WODES FUSE BODY TUBE.
%2;:“:“ - CONTROL SOLDERING BETVEEN FUSE ELEMENT AND THE END CAPS.
PAYLOAD PRIOR TO ASSEMOLY IN THE FUSE PLUG ASSEMBLY, A CONNECT PIK IS
incompLETe SCLDERED TO EACH OF THE FUSE LEAD MIRES, THIS PROCESS 1§
RIGIDIZE. CONTACLLED BY ESTABLESHED PROCEDURES WHICH INCLUDE THE
GPC [N TEMP REQUIREMENT OF A "METERED™ GUALITY OF SOLDER FOR EACH SOLDER
MONLTORING JOINT, THE FUSE BODY AND LEAD WIRES ARE SLEEVED 10 PRECLUDE
. SHORT CIRCVITS. EACH FUSE AMD ALL SOLOERED JOINTS ARE
SUBJECTED TO RADIOGRAPHIC INSPECTEION,
WORST CASE
srossecnas THE FUSE PLUG ASSEMBLY INCLUDES AN ALUMINUM POTTING
UNEXPECTED SHELL. FOLLOWING IMTEGRATION OF THE FUSES, THE COMNECTOR
pmom #OTION. ASSENELY IS POTTED USING A SEWI-RESILIENT (RTV) :mpuuun. THE
INCOMPLETE POTTING MEDIUN PROVIDES GOOD HEAT TRANSFER AND ENSUR
gmgsmams MECHANICAL STABILTTY OF THE INDTVIDUAL FUSES.
E0U|
UNABLE 1O THE POVER FLAG LINE IS PROTECTED BY A SINGLE, 3 AMP. -FUSE.
RELEASE
PAYLOAD. CREV
ACTION
REQUIRED.
REDUNDANT PATHS
REMALNING
BACKUP EE
RELEASE.
PREPARED BY: MFUG SUPERCEDING DATE: 2B_OCT 84 APPROVED BY: DATE: 24 JuL 91 CIL REV: _2
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CRITICAL ITENS LIST PROJECT! fﬁ'c'ls'mnwmm SYSTEM: MECHANICAL ARM SUBSYSTEM
Puigmiapminpasppipm P T ASS'Y NOM T 1] ASSHY PIIW SHEET: g
EMEA FMEA | wamE, oty & FAILURE HODE FAILURE EFFECT WOMR / FUNC. AATIONALE FOR ACCEPTANCE
REF. REV. oraving afr, AND oN 71n
DESIGNATION CAUSE END LTEM CRETICALITY SCREENS: A-PASS, B-PASS, C-PASS
4630 2 HOULDER MODE : K1 AND K2 DAC ACCEPTANCE TESTS
FUSING. 4S LOSS OF NELAYS OPEN. | = ==-emecseeeccens
PRIME POVER FLAG BRAKES COME ON. THE SHOULDER, ELGOM AMD WRIST JOINTS ARE SUBJECTED TO THE
tlll::!l. FUSE. rsigil'g ﬂi%i n'egt FOLLOVING ACCEPTANCE ENVIROMMENTAL TESTING.
BACK-UP CAUSE(S)1 ABE, ARM WILL O VISRATION: LEVEL AND DURATION - REFERENCE TABLES 9, 10 AND
CHANNEL 1) sToP, ALL "
FUSES. utcumm PRIME WODES
IRING LoST. O THEWMAL: 70 DECAEES C 1O - -25 DEGREES € (2 CYCLES)
SCHEMATIC vlamlun, HARDUIRED 1K 10%6 ¢
51140318 MATERIALS. SAFING. EE
REVISION C. CFUSE 23). PRINE WODES THE JOINTS ARE INTEGRATED IMTO THE RMS SYSTEM (PER 1P532
L0S1. IF WNICH §S FURTHER TESTED IN (TP518 RMS STRONGBACK AMD 19552
CAPTURING FLAT FLOOR). THESE TESTS VE IFIES THE ABSENCE OF THE FATLURE
PAYLOAD MODE.
ancomrLEre
nmlulzs. QUALIFICATION TESTS
GPC IN TENP | emeeemececcacaoones
HONITORING THE SHOULOER AND ARIST JOINTS WERE SUBJECTED 10 THe Listeo
MODE. BELOW ENVIRONMENTS, THE ELBOW JOINTS WAS NOT EXPOSED THE
QUALIFICATION EHVIRONNENTS WAS CERTIFIED BY slmunm 10 THE
VORST CASE SHOULDER JOINT.
UNEXPECTED O VIBRATION: LEVEL AND OURATION REFEAENCE TABLES 9 AND 10
PATLOAD | MOTION.
INCOMPLETE 0 SHOCK: 200711 S - 3 AXES ( & DIRECTIONS)
CAPTURE /RELEASE
SECUENCE. O THERMAL VACUUM: +B1 DEGREES € TO -34 DEGREES C (6 CYCLES)
UNABLE TO 1 & 10**6 TORR.
RELEASE
PATLOAD. CREM 0 ENC: NIL-SID-G51 AS MODLFIED BY SL-E-0002 (TESTS CEO1,
ACTION CEO0S, CSD1, £S02, CSD6, REC2 (N/B).
REQUINED.
© HUMIDITY: ODWLY SHOULDER JOINT WAS TESTED, 95X RN
AEDUNDANT PATHS (65 DEGREES C MAINTAINED FOR 6 HRS.) (45 DEGREES
AEMATN KD C 30 30 DEGREES C IN 16 WRS} 10 CYCLES 240 HRS.
BACKUP EE 0 LOAD TEST: SHOULDER JOINT STRUCTURAL LOAD TEST REFEREHCE
RELEASE. TABLE 12.
HOTE:
ELBOM JOINT (S/N 302 AND UP) TNCORPORATES NON-WELDED
TRANS1TIONS WHICH WAS LOAD TESTED T0 LOAD [N REFEREMCE TABLE
) FLIGHT CHECKOUT
! PDRS OPS CHECKLIST (ALL VEHICLES) JSC 14987
PREPARED BY: HENG SUPERCEDING DATE: 28 OCY B85 RMS/MECH - 375 DATE: 24 JulL 91 CIL REV: 2
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CRITICAL ITEMO LIBT

PROJECT: SRMS

SYSTEM; MECHARICAL ARM SUBSYSTEM

- o e e e s ASS'Y NOMERCEATONE: SHOULGER Ass'Y PN SITEOJTZID  SHEET: 1
FHEA FMEA | WAME, 1Y, & | FAILURE MODE FAILURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. praulng afr, AHD oN 2R
DES1GNA11ON CAUSE END [TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
4430 2 SHOULDER MODE : K1 AND K2 DAC QA7 INSPECTIONS
FUSING. 48 LOSS OF RELAYS OPEN. | = ==ssecemsesens
PRIMNE POVER FLAD BRAKES COME OH. -
CHANNEL FUSE. HCIU MELL NOT FUSES ARE PROCURED AS A EEE PART TO SPAR SPECIFICATION
FUSES. V6 SEND DATA TO SPAR-SG459/025, WHICH INCORPORATES SPECIFICATION MSFC4OM33259
BACK-UP CAUSE(S): ABE. ARM WILL AS REQUIRED BY SPAR-RNS-PA.003, QUALIFECATION, ACCEPTANCE
CHANNEL M $10P, ALL TESTING AND RELIABILITY LIFE TESTING OF FUSE PLUG ASSENBLIES
mgsé gsg:mcu {3;'1'5 NODES WAS PERFORMED 1O THE AEQUIRENENTS OF THE SPAR-RMS-TP.952.
N N
SCHENATIC VIBRATION, HAROWIRED €EE PARTS INSPECTION 1S PERFORMED AS MEQUIRED BY
S1140E346 MATERTALS. SAFING, EE SPAR-RMS-PA.00US. EACH EEE PART 1S QUALIFIED AT THE PART LEVEL
REVISION C. (FUSE 23). PRIME MODES 70 THE REOUIREMENTS OF THE APPLICABLE SPECIFICATION. ALL EEE
Lost. IF PARTS ARE 100% SCAEENED AND BURNED IN, AS A NINIMUM. AS
CAPTURING REQUIRED BY SPAR-AMS-PA.QDS, BY THE SUPPLIER. ADDITIOMALLY,
PAYLOAD EEE PARTS ARE 100X RE-SCREENED M ACCORDANCE WITH
incompLETE REGUINENENTS, BY AM INDEPENDEMT SPAR APPROVED TESTING
R1GIDIZE. FACILITY. OPh [S PEAFORMED AS REQUIRED BY PA.003 ON A RANDONLY
GPC IN TEMP SELECTED  SX OF PARYS, MAXIMM 5 PIECES, MINIWUM 3 PIECES FOR
MONI TOR ING EACH LOT NUMBER/DATE CODE OF PARTS RECEIVED.
WIRE S PROCURED 1O SPECIFICATION NIL-M-22759 OR MIL-W-81381
WORST CASE AND INSPECTED AMD TESTED TO WASA JSCHBOBO STAHDARD NUMBER 95A.
UNEXPECTED AECEIVING 1NSPECTION VERIFIES THAT ALL PARTS RECEIVED ARE AS
PAYLOAD WOTION. 10ENTIFIED 1M THE PROCUREMEMT DDCUMENTS, THAT HO PHYSICAL
INCOWPLETE OAMAGE NAS OCCURRED TO PARTS DURING SHIPWENT , THAT THE
CAPTURE/RELEASE RECEIVING DOCUWENIS PROVIDE ADEQUATE TRACEABELITY INFORMATION
's;l:ggc;a AND SCREENING DATA CLEARLY [DENTTFIES ACCEPTABLE PARTS.
RELEASE PARTS ARE INSPECTED FHAOUGHOUT MANUFACYURE AND ASSEMBLY AS
PATLOAD. CREM APPROPRIATE TO THE MANUFACTURING STAGE COMPLETED. THESE
toM HSPECTIONS INCLUDE,
NEQUINED.
COMPONENT MOUNTING THSPECTION FOR CORRECT SOLDERING, MIRE
REDUNDART PATHS LOOPING, STRAPPING, ETC. OPERATORS AND INSPECTORS ARE TRAINED
RENAINING AND CERFIFIED TO WASA NHB 5300.4(3A) SVANDARD, AS MOD1F IED
ceevemecmssannn 8Y JSC OBBODA.
BACKUP EE
NELEASE. PRIOR TO POTTING, THE SOLDERED CONTACTS OF THE FUSE
ASSENBLY ARE SUBJECTED TO RADIOGRAPHIC INSPECTEON TO CHECK
F0A POROSITY AND INTERMAL FLAMS,
PRE AND POST POTTING INSPECTIONS TQ SPAR-1TP 257 VERIFY
VOLTAGE DROP (RESISTANCE) AT HIGH AWD LOM TEMPERATURE (-38
DEGREES C AND +118 DEGREES C) (SPAR/GOVERHNENT REP. -
MANDATORY INSPECTION POINT).
FUSES ARE ACCEPTANCE TESTED YO SPAR-11P 257 WHICH
) INCLUDES AMBEENT TESTING AND THERMAL CYCLING,
: (SPAR/GOVERNNENT MEP. - MANDATORY INSPECTION POENT).
PRIOR TO MATING FUSE PLUG WITH RECEPTICLE ON SHOULDER
CONNECTOR BOX, INSPECTIONS INCLUDE VISUAL, CLEANLIMESS,
WORKMANSHIP, IDENTIFICATION, CHECK FOR BERT OR PUSHED
sack contacts Evc,
JOINE LEVEL PRE-ACCEPTANCE TEST INSPECTION, INCLUDES AM
ADIT OF LOWER TEER INSPECTICN COMPLETION, AS BUILT
CONFICURATION VERIFICATION T0 AS OES1GH Efc,
PREPARED BY: HENG SUPERCEDING DATE: 28 OCY BS APPROVED BY: DATE: 24 JuL N CIL REV: 2
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CRITICAL ITEMBS LIST PROJECT: SRNS SYSTEM: MECHANICAL ARM SUBSYSTEM
- - - - - = -- ASS'Y NOM T ] ASS'Y PIF—M SHEET: 4
FMEA FNEA NAKE, QfY, & FATLURE HODE FATLURE EFFECY HOWR / FUMC. RATIONALE FOR ACCEPTANCE
REF. REV, orawinG rée. AND oN 27m
DESIGNATION CAUSE END ITEM CAITECALITY SCREENS: A-PASS, B-PASS, C-PASS
4830 F SHOULDER MODE ; K1 AND X2 DRC
FUSING. &3 LOSS OF RELAYS OPEN. A TEST AEADINESS REVIEW CTRR) WHICH INCLUDES VERIFICATION OF
PRINE POVER FLAG BRAKES COME ON. YEST PENSONMEL . TEST DOCUMENTS, TEST EOUIPMENT CALIBRATION/
CHANNEL FUSE. NCIU WILL NOT VALIDATION STAfUS AND WARDWARE CONFIGURATION IS CONVENED BY
FUSES. 18 SEND DATA 10 QUALIJY ASSURANCE IH COMJUNCTION WITH ENGINEERING
BACK-UP CAUSE(S): ASE. ARM WILL RELIABILITY, CONFIGURATION CONTROL, SUPPLIER AS ABPLICABLE
CHANNEL M STOP, ALL AND THE GOVENNENT AEPRESENTATIVE, PRIOR TO VHE START OF ANY
l'l'i’gﬁﬁ :'E‘SE:NII:M. :HIHE MODES FORMAL TESTING (ACCEPTANCE OR QUALTFICATION).
SCHEMATIC VIBRATION, HARDWIRED JOINT LEVEL ACCEPTANCE TESTING (ATP) INCLUDES AMBINET,
S1140E316 NATERIALS. SAFING. EE VIBRATEON AND THERMAL-VAC TESTING.
REVISION C. (FUSE 29). :;;l'li ll?nss (SPAN/GOVERNMENT REP. - MAMDATORY INSPECTION POINT).
CAPTURING SAMS SYSTEMS INTEGRATION, THE [NTEGRATION OF MECHANICAL ARM
PAYLOAD SUBASSEMBLIES AWD THE FLIGHT CASIN EQUIPMENT TO FORM THE SRS,
iicoupLETE INSPECTIONS ARE PERFORMED AT EACH PHASE OF IMVEGRATION WHICH
RIGIDIZE. INCLUDES GROUNDING CHECXS, THRU WIRENG CHECKS, VIRING ROUTING,
ﬁﬁ::&l‘" INTERFACE CONNECTORS FOR BENT OR PUSH BACK CORIACTS EYC,
NG
MODE . SANS SYSTEMS TESTING - STRONGBACK AND FLAT FLOOR AMBIENT
PERFORMANCE TEST. ¢(SPAR/COVERMMENT REP. - MANDATORY IMSPECTION
WORST CASE POINT) )
UNEXPECTED
PAYLOAD MOTION.
INCOMPLETE
CAPTURE /RELEASE
SEQUENCE.
UNABLE 1O
RELEASE
PATLOAD. CREW
ACTION
REQUIRED .
REDUNDANT PATHS
REMAINING
BACKUP EE
RELEASE.
PREPARED BY: HEVg SUPERCEDING DATE: 28 OCI 85 DATE: 26 Jui 91 CIL REV: 2
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CRITICAL ITEM8 LIST

PROJECT: SRMS

STEM: MECHAWICAL ARM SUBSYSTEM
[ARAFA L]

e o o e ASS+yY NOMERCLATORE: SHOUI , sty PR SHEET: _ 5
FHMEA FHEA NAME, QTY, & FAILURE MODE FAELURE EFFECT HDs. .JNALE FOR ACCEPTANCE
REF. pev. | oraving i, AND on o
DESIGHATION CAUSE END ITEM CRITICALLTY SCREENS: A-PASS, B-PASS, C-PASS
4630 2 SHOULDER MODE ¢ K1 AND X2 DRC FAILURE HISTORY
FUSING, 43 LOSS OF RELAYS OPEN. |  ----ceesenonees
PRINE POWER FLAD BRAKES COME OM.
CHANNEL FUSE. HCIU WILL WOT THE FOLLOVING FAILURE ANALYSIS REPORT(S) ARE RELEVANT:
FUSES. 16 SEND DATA 10
BACK -UP CAUSE(S): ASE. ARM WILL
CHANNEL (1 STOP. ALL
FUSES. MECHANTCAL PRIME MODES FAR 2114
WIRING SHOCK LosT. S/N 202 suL B0
SCHEMATIC VIBRATION, HARDWIRED
S1140E314 MATERIALS. SAFING. EE DESCRIPTION
REVISION C. (FUSE 23). PRINE MODES | =-ssveos-ees
LOST. If HIGH RESTSTANCE FOLLOWING THERMAL CYCLIHG CAUSED BY MfG.
CAPTURING DEFECT.
PAYLOAD
INcoMPLETE CORRECTIVE ACTION
migrolzé. | 0 cneeee- assceeesse
GPC IN TENP NFQ 10 IMPLEMEMT THERMAL TESTING. (FMEA NO. 4590, 4670)
MONI TORING
. FAR 2120:
S/6 201 JaN 81
WORST CASE
---------- DESCRIPTION
UNEXPECTED |  =m--meeeee-
PAYLOAD MOTION. HIGH RESISTANCE, MFG DEFECT, WEFER TO FAR 2114. OUT-PUT DID
INCOMPLETE NOT swITCH, FOLLOMING WUMIDITY TEST, BUE TO SHORTED LED
CAPTURE /RELEASE
SEQUENCE. CORRECTIVE ACTION
UNABLE 10 | =srmemmmee-co=-es :
RELEASE REFER TO FAR 2114 (FMEA ND.4590, 4670) REPLACED LED.
PAYLOAD, CREW
ACTION FAR 2358:
REQUIRED. S/h 302 mar 83
REQUNDANT PATHS DESCRIPTEON
REMAINING @ | seesesesees
--------------- FUSE FAILED OPEN, CAUSED BY DAMAGED SOLDER CONN DURING REWORK.
BACKUP EE
RELEASE. CORRECTIVE ACTIOH
SCAAPPED REVORKED PUSES. ECH S1130 MODIFIED TESTING. (FHEA
ND. 4590, 4670)
FAR 2370:
S/h 304 Nov B3
DESCRIPTION
VOLTAGE DROP EXCESSIVE, CAUSE DESTGN/MANUFACTURING FAULT.
CORRECTIVE ACTION
SCRAPPED ALL FUSES, PREPARED NEW FUSE SPEC, (FMEA No. &590,
4670)
PREPARED BY: MFMG SUPERCEDING DATE: 28 OCI 85 APPROVED BY: DATE: 24 JuL 9] CIL REV: _2
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CRITICAL 1ITEMB LIST PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM
- o o o o e o e 90 0 o ASS'Y NOMERTLATORE: SROULBER ASS'Y P;E—W _ SHEET: __ 6
FMEA FMEA MAME, Oty & FAITLURE MODE FAILURE EFFECT HDUR f FUNC. RATIONALE FOR ACCEPTANCE
REF. REV, orauing rff, AKD oN 2/ '
DESIGHATION CAUSE END [TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
4630 2 SHOULDER WODE X1 AND K2 DRC OPERATIONAL EFFECTS
FUSING, 43 1058 Of RELATS OPEN. D e
PRIME POMER FLAQ BRAKES COME OM. ALL ARN OPERATIONS STOP, IF PAYLOAD IS BEING CAPTURE,UNEXPECTED
CHANMEL FUSE. MCEU WILL NOT PAYLOAD MOTION COULD OCCUR.
FUSES. 16 SEND DATA 10
BACK-UP CAUSE(S): ABE. ARM WILL
CHANNEL AL STOP, ALL CREW ACTION
FUSES. MECHAMICAL PRIME MODES | = -----
VIRING SHOCK LoST. SELECT BACKUP TO RELEASE PAYLOAD.
SCHEMATIC VIBRATIOM, HARDMIRED
$1140E318 MATEREALS. SAFING. EE CREW TRAINING
REVISION C. (FUSE 29). PAIME MODES ceneemomscean
LOST. 1F CAEW VILL OF TRAINED TO MAMEUVER ORBITER AWAY FROM FREE FLYING
CAPTUR ING PAYLOAD AT ANY TIME DURING ARM OPERATIONS.
PAYLOAD :
ncoupiire
RIGIDTZE. MISSTON CONTRAINT
GPC IN TEWP ceemmeanaas
MOR I TORENG WHMEN CAPTURING A FREE FLYING PAYLOAD THE EE MUST BE FAR
WODE . ENOUGH AWAY FROM STRUCTURE TO PROHRB1T COMTACT REGARDLESS OF
PAYLOAD ROTATIONS.
WORST CASE
UNEXPECTED
PAYLOAD NOTION. OMRSD OFFLINE
INCOMPLETE ceereseneoees
CAPTURE /RELEASE
SEOUENCE . VERIFY POVER FLAG WHEW ARM SELECTEOD.
UNABLE 10
RELEASE
PAYLOAD. CREM OMRSD OMLINE JNSTALLATION
ACTION cevemeennaaaaan
REQUIRED.
NOHE
REDUNDANT PATHS
REMAINING OMRSD DHLINE TURNAROUND
BACKUP €E
RELEASE. VERIFY POWER FLAG WHEM ARM SELECTED.
',i\i
53.1! i

PREPARED BY:

wwG

SUPERCEDING DATE: 28 OCT 86
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